Food is the major source for pochlorinated biphenyl (PCB) and dioxin accumulation in the human body. Therefore, investigating food habits from early ages untd reproductive age (25 yes) is important in order to assess exposure risk for the next generation. The objective of this study was to assess the PCB/dioxin exposure and the relative contribution of different foods to total exposure during preschool age. Particularly, the importance of lactational PCB/dioxin exposure vs. dietary exposure until adulthood was investigated. A cohort of 207 children was studied from birth until preschool age. Based on 3 planar PCBs and 17 2,3,7,8-substituted dibenzo-par*dioxins (PCDDs) and dibenzofirans (PCDFs) measured in breast milk, a model was developed to calculate the cumulative toxic equivalent (TEQ) intake during breast-feeding (0-1 year). In 3.5-year-old children, daily dietary intake of planar PCB-TEQ and dioxin-TEQ was measured with a validated food questionnaire. Cumulative TEQ intake from 1 to 5 years was estimated using the PCB-and dioxin-TEQ intake measured with the food questionnaire. Cumulative TEQ intake from 6 to 25 years was estimated using national food consumption and contamination data of PCB-and dioxin-TEQ intake. In toddlers, dairy products contrbuted 43% to PCB-TEQ and 50% to diaoin-TEQ intake. Meat and meat products contributed 14% and 19%, respectively, and processed foods 23% and 15%, respectively. Bret-feeding for 6 months contributed to the cumulative PCB/dioxin TEQ intake until 25 years of age, 12% in boys and 14% in girs. The daily ThQ intake per kilogram body weight is 50 times higher in breat-fed infants and three times higher in toddlers than in adults. Long-term dietary exposure to PCBs and dioxins in men and women is parly due to breast-feeding (12 and 14%, respectively). After weaning, dairy products, procesed foods, and meat are major contributocs of PCB and dioxin accumulation until reproductive age. Instead of discouraging breast-feeding, maternal transfer of PCBs and dioxins to the next generation must be avoided by enforcement of strict regulations for PCB and diox discar and by reducing consumption of animal products and pressed foods in all ages. Key work breast-feding, cumulative intake, dietary exposure, dioxins, PCBs, preschool children, toxic equivalents. Environ Healt Prspecat 107: 45-51 (1999). [Online 8 December 1998] htap://ehpnetl.niehs.nib.gov/docs/l999/107p45-51patandin/abstracthtml Polychlorinated biphenyls (PCBs) and polychlorinated dibenzo-para-dioxins (PCDDs) and dibenzofurans (PCDFs) are halogenated aromatic compounds that are widespread and persistent environmental pollutants (1). The highly lipophilic and hydrophobic PCBs, dioxins (PCDDs and PCDFs), and related compounds tend to partition into soil and sediment, bioconcentrate from water to aquatic animal, and biomagnify up the multistep food chain (1). Humans are also high on the food chain, eating meat and dairy products from herbivores, as well as fish and plants (1). More than 90% of the total daily human exposure to PCBs and dioxins is made up of oral intake from food, whereas other routes, e.g., water, air and soil, contribute to less than 10% of total exposure (2,3). The average daily dose is about 1-3 pg/kg body weight (bw) of dioxinlike compounds considered equivalent in toxicity to 2,3,7,8-tetrachlorodibenzodioxin (TCDD) (X).
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The human fetus is exposed to PCBs and dioxins through placental transport (4) (5) (6) , and higher quantities of these compounds are transferred to the infant during breast-feeding (7, 8) . The concentration of these compounds in breast milk or cord blood is dependent on the maternal PCB and dioxin body burden. This body burden is the result of accumulation of PCBs and dioxins over many years, especially in fat tissue, combined with the low metabolic degradation and rate of excretion (1) . As a result, the half-life is very long for higher chlorinated PCDDs and PCDFs, ranging between 4 and 12 years (), and for PCBs, ranging between 5 and 15 years (10). Maternal age is positively related, and the period of previous breast-feeding is negatively related to maternal PCB and dioxin concentrations (11) . Results from previous studies showed that the contribution of pregnancy-related diet to PCB and dioxin concentrations in human milk and in maternal and cord plasma was very low (12) . The same was concluded when dietary intakes of PCBs and dioxins in preschool children were related to plasma PCB levels measured at preschool age (8) . Short-term dietary regimens with low doses of dioxins during the lactation period showed no reduction in dioxin concentrations in breast milk (13 (14, 15) ; these are similar to toxic effects reported in animal studies (16) . Newborns of mothers who reported consumption of PCB-contaminated fish from Lake Michigan showed lower birth weight (17) and lower IQ scores at school-age (18 (19) , delays in psychomotor development (20) and neurodevelopment (21) , alterations in thyroid hormone (22) (9, 24) . Breast milk samples were analyzed for PCB and PCDD/PCDF congeners as described below.
TEQ intake ofPCBs and dioxins during breast-feeding (0-1 year). In the second week after delivery, a 24-hr representative sample of breast milk was collected from breast-feeding mothers. Breast milk samples were analyzed for the 17 most abundant 2,3,7,8-substituted PCDD and PCDF congeners and 3 planar PCB congeners (PCBs 77, 126, and 169) by gas chromatography-high-resolution mass spectrometry (GC-HRMS) (25 (25) . To express the total toxic potency of dioxins and planar PCBs, .the toxic equivalent factor (TEF) approach was used according to Safe (26) and Ahlborg et al. (27) . A TEF value was assigned to the dioxin and planar PCB congeners, which represents their relative toxic potency towards TCDD, the most toxic congener with a TEF value of 1. The toxic equivalents (TEQs) were calculated by multiplying the concentration (picograms per gram of milk fat) of each congener by its TEF value. Representative dioxin-TEQ and planar PCB-TEQ levels could be calculated for 83 and 95 milk samples, respectively. The remaining human milk samples were missing or not analyzed due to organizational failure. Levels and methods of determination of PCBs and dioxins in breast miik have been reported previously (24, 25) .
We used the planar PCB-TEQ and dioxin-TEQ values measured in breast milk to calculate the cumulative TEQ intake during breast-feeding in order to compare the -TEQ intake during breastfeeding with the TEQ intake measured by the food questionnaire during preschool age and by national food consumption and contamination data. The cumulative TEQ intake during breast-feeding was calculated based on the following assumptions: * An infant will drink an average of 800 mI/day from birth until 6 months of age (26 weeks) (28-30); 500 ml/day (28) from 6 to 9 months (27-39 weeks); and 400 ml/day from 9 months (>39 weeks) until cessation of breast-feeding. Breast-feeding period was reported by the mother as the number of weeks during which the infant was predominantly breast-fed. (33, 34) .
The following equation was used to calculate the cumulative planar PCB-and dioxin-TEQ intake (1) during the whole breast-feeding period: (1) where I = cumulative intake of planar PCB-TEQ and dioxin-TEQ from for each breastfed infant during the period of breast-feeding (picograms), 0.95 = fraction of PCBs/dioxins absorption from breast-milk in the intestinal tract, T = period of breast-feeding in weeks, V= volume of breast milk consumed in milliliters per week, BMF = breast milk fat concentration in grams per milliliter, and TEQ = toxic equivalents of planar PCBs (IUPAC 77, 126, and 169) and 17 dioxin congeners measured in picograms per gram milk fat.
TEQ intake ofPCBs and dioxins during the preschoolperiod (1-5 years). At the age of 3.5 years, the primary caregiver of the child, usually the mother, was asked to fill out a semiquantitative food questionnaire (FQ) developed by the Division of Human Nutrition and Epidemiology, Agricultural University, Wageningen, The Netherlands. The FQ, which reflected the usual diet of the child over the last month, was validated against the dietary history method in a subgroup of the study population (n = 47) (8 (26, 27) using reference data for food products provided by the National Institute of Public Health and the Environment (RIVM) (3, 35) . Intakes of energy, fat, protein, and carbohydrate were calculated using the Dutch Food Database 1993 (36) . Food intake data were converted into energy (kilojoules), nutrients (grams), and TEQs (picograms) using Komeet software (37) . Daily total TEQ intake was defined as the sum of planar PCB-TEQ and dioxin-TEQ intake in picograms per day. From 193 children studied at 3.5 years of age, 183 FQs were available for analysis: 5 FQs were not returned or completed by the parents and 5 were excluded because of incomplete or unreliable answers.
The cumulative intake of dioxin-TEQ and planar PCB-TEQ from 1 to 5 years of age for boys and girls was calculated from the mean total TEQ and mean fat intake per day estimated from the FQ. The cumulative TEQ intake from 1 TEQ intake from childhood until adulthood (6-25 years). The cumulative TEQ intake from 6-25 years of age was calculated based on data from the RIVM (35) and the National Food Consumption Survey (FCS) (38) . The FCS induded comprehensive descriptions of intake of foods, energy, and nutrients of 6,218 persons in 1992 by age group and sex (38) . Median intake of planar PCB-TEQ, estimated from RIVM data in the Dutch population, was 70 pg/day; this was 65 pg/day dioxin-TEQ, yielding a total TEQ intake of 135 pg/day (39 Table 2 . Milk and milk products, industrial products, cheese, meat and meat products were consumed by nearly all preschoolers, whereas fish was consumed by a smaller group (29%) of children. Both energy and carbohydrate intake were significantly lower in females than in males (t-test, p<0.05; Table 2 ). Multiple linear regression analyses showed that energy, fat, carbohydrate, and protein intake at 3.5 years of age were significantly lower in the group with higher educated mothers (all p-values <0.01). Furthermore, body weight and body fat percentage at 3.5 years of age were positively associated with energy, fat, protein, and carbohydrate intake (all P-values <0.05).
At 3.5 years of age, the mean daily PCB-TEQ intake was 60 pg in the previously Figure 1 shows the contributions of different groups of food items to dietary intake of planar PCB-TEQ and dioxin-TEQ in preschool children. Dairy products, meat and meat products, and processed foods were the major contributors to dietary intake of PCB-TEQ and dioxin-TEQ. Dairy products contributed 43% to PCB-TEQ intake and 50% to dioxin-TEQ intake. Meat and meat products contributed 14% and 19% to PCB-TEQ and dioxin-TEQ intake, respectively, and processed contributed 23% and 15%, respectively. The contribution of fish was much lower (11% and 5%, respectively). Consumption of processed foods and fish contributed relatively more to PCB-TEQ intake than dioxin-TEQ intake.
In Figure 2 , the cumulative intake of PCB-TEQ and dioxin-TEQ is plotted as a function of breast-feeding period in weeks. (1) (2) (3) (4) (5) and 6-10 years of age) is two to three times higher than in adults (20-25 years ofage). Table 5 gives the estimated cumulative TEQ intake for infants who were either formula-fed or breast-fed for 3 and 6 months, respectively, both in micrograms and as a proportion of total dietary TEQ exposure until 25 years of age. The total cumulative TEQ intake over a 25-year period is 1.38 jig in men and 1.16 jig in women who were breast-fed for 6 months during infancy. Total cumulative TEQ intake in men and women at 25 years of age who were formula-fed in infancy is 1.22 pg and 1.01 pg, respectively. The TEQ intake during 6 months of breast-feeding accounts for 12% of the cumulative TEQ intake during 25 years in males and 14 % in females.
Discussion
In this study we assessed the dietary PCB and dioxin intake and the relative contribution of different foods to PCB and dioxin exposure in preschool children. The mean daily intake of planar PCB-TEQ and dioxin-TEQ in this population of Dutch preschool children is 59 and 47 pg, respectively. The mean daily intake of total TEQ for boys and girls is 6.5 and 6.3 pg/kg bw, respectively. The main contributors of PCB-TEQ and dioxin-TEQ in Dutch preschool children are dairy products, followed by processed foods, and meat and meat products. Fish plays only a marginal role with respect to PCB/dioxin exposure in this population.
Some limitations to the methodology of this study should be noted. The intake of PCB-and dioxin-TEQ at preschool age was estimated from a semiquantitative FQ combined with mean figures for TEQ content of foods in The Netherlands (35) . Our numbers are somewhat higher for fat and energy intake (19% and 3%, respectively) when compared with the results from 3-and 4-year-olds in the FCS (38) . We know of only one other study in children (n = 14; from 22 months to 5 years of age) in which dietary intake of dioxin-TEQ was measured by the duplicate method (46 Breast-fmding period (weeks) bCumulative TEl intake calculated from TEl levels measured in breast milk and breast-feeding until 3 and 6 months, according to the formula described in the methods section. (3, 39) .
19-140 pg
Several other studies have assessed the dietary dioxin-TEQ intake in adults.
Calculations from other industrialized countries (the United States, Canada, Germany) revealed that daily exposure to dioxins and related compounds from food is in the order of 1-3 pg dioxin-TEQ/kg bw/day (2), which is comparable to that found by the RIVM in The Netherlands. Schecter et al.
(48) measured levels of dioxins in U.S. food.
The average daily food intake for adults was 0.3-3 pg TEQ/kg bw. A nursing infant may consume an average of 35-53 pg TEQ/kg bw/day during the first year of life. Daily dioxin TEQ intake in boys from 1 to 4 years of age ranged from 1.4 to 32 pg/kg bw. Most studies did not estimate the dioxinlike (planar) PCBs, which contribute a substantial amount of dioxinlike compounds. We report a mean daily intake of 112-118 pg TEQ/kg bw in breast-fed infants and 6.3-6.5 pg TEQ/kg bw in 1-to 5-year-old children. Accounting for PCB-TEQ would at least double the total TEQ intake, which is in accordance with the U.S. EPA (47) and the study of Schecter et al. (48) .
We estimated the cumulative PCB-TEQ and dioxin-TEQ intake from birth until 25 years of age. According to our model, breast-feeding for 6 months accounts for 12-14% of the dietary exposure until 25 years of age. The daily TEQ intake per kilogram body weight for infants breast-fed for 6 months is approximately 50 times higher than for adults, which was about the same as reported by the U.S. EPA (47) . For analyses.
Although some model calculations of PCB and dioxin body burden and infant exposure through breast milk have been published (34,4,l) , the cumulated PCB and dioxin intake from infancy until adulthood has not been previously quantitatively assessed.
The cumulative intake as estimated in this study is not identical to body burden because losses by excretion and the long half-lives of different PCB and dioxin congeners are not taken into account. In the present paper, we report that the relative contribution of cumulative intake of PCB/dioxin TEQ in males and females until 25 years of age is 7% and 8%, respectively, when infants are breast-fed for 3 months and 12% and 14%, respectively, when infants are breast-fed for 6 months. These values are in the order of magnitude as model calculations by other authors (34, 49) .
Given that more than 10% of the cumulative TEQ intake until 25 years of age is due to 6 months of breast-feeding, limiting the nursing period might be considered. However, next to this disadvantage of PCB/dioxin accumulation in the infants' body during breast-feeding, there are numerous advantages of nursing itself on the general development of young children. Reports from our study (20, 50) and others (51) showed that children who were breast-fed during infancy performed better on neurological and cognitive outcome measurements when compared with their formula-fed counterparts. Because the positive influences of nursing on child development outweigh the negative ones, we do not encourage shortening of the lactation period to achieve a lower PCB/dioxin body burden.
In conclusion, our results show that breast-feeding for 6 months makes up a reasonable proportion (12-14%) of the cumulative dietary PCB and dioxin exposure until reproductive age. The main food sources of PCBs and dioxins after weaning in young children are dairy products, processed foods, and meat and meat products. Given that disturbances in growth and development in children are mainly related to in utero exposure rather than lactational exposure to PCBs and dioxins, we conclude that strict regulations and enforcement of these regulations could reduce the maternal PCB/dioxin body burden and thereby reduce the in utero and lactational exposure. Strategies should be directed toward reducing PCB and dioxin intake through the food chain at all ages and by lowering the consumption of animal products and processed foods, and not by discouraging breast-feeding.
